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METHOD AND SYSTEM FOR RECOGNIZING 
STATUSES OF ELECTRIC APPLIANCES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority benefit of Taiwan 
application serial no. 98.139598, filed Nov. 20, 2009. The 
entirety of the above-mentioned patent application is hereby 
incorporated by reference herein and made a part of specifi 
cation. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a method for 

recognizing the statuses of electric appliances, and more par 
ticularly, to a method and a system for recognizing the sta 
tuses of electric appliances by taking a loop as a unit. 

2. Description of Related Art 
The concepts of environmental protection and energy con 

servation have been brought up and increasingly focused 
along with the decrease of petroleum, electricity, and other 
natural resources. According to statistical data, about 39% of 
the energy resources are used in our residential environment. 
Thus, Smart meters with energy calculation and management 
functions are used in more and more buildings in order to 
provide different power consumption information related to 
the residential environment to the users in real time. 

Generally speaking, the most direct method of understand 
ing the power consumption status of each electric appliance in 
a building is to dispose a measuring device (for example, a 
Small electricity meter) on each electric appliance. In addi 
tion, if the power consumption status of each electric appli 
ance is to be collected and analyzed, radio frequency (RF) 
communication devices or power line communication (PLC) 
devices need to be installed on the electric appliances or the 
Small electricity meters such that the power consumption 
information of the electric appliances can be sent to a backend 
platform to be analyzed through these communication 
devices. However, if there are too many electric appliances in 
a building, the method of disposing a measuring device and a 
communication device on each of the electric appliances will 
be too labor-consuming and cost-consuming. 
On the other hand, even though some electric appliances 

with built-in power measurement devices in the market can 
obtain their own power consumption information, the prices 
of these electric appliances are usually too high. Furthermore, 
external measuring devices and communication devices still 
have to be disposed on existing electric appliances in a build 
ing to obtain the power consumption information thereof if 
not all the electric appliances in the building are replaced. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an electric 
appliance status recognition method, wherein the status of 
each electric appliance in a loop is determined by taking the 
loop as a unit. 
The present invention is directed to an electric appliance 

status recognition system, wherein the status of each electric 
appliance in a loop is determined according to the probability 
distribution of values of a single power consumption factor. 
The present invention provides an electric appliance status 

recognition method suitable for detecting n electric appli 
ances in a loop according to a single power consumption 
factor, wherein the electric appliances respectively have a 
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2 
plurality of statuses, and n is a positive integer. First, the 
variation of the power consumption factor on each of the 
electric appliances in each of the statuses is obtained so as to 
establish a status power consumption probability distribution 
of each electric appliance in each state. Then, the statuses of 
the electric appliances are permuted to generate a plurality of 
status combinations of the electric appliances. Next, a com 
bined power consumption probability distribution is estab 
lished with respect to each of the status combinations by using 
the status power consumption probability distribution of each 
of the electric appliances in the statuses within the status 
combination. After that, a mapping relationship between the 
status combinations and a plurality of reference values of the 
power consumption factor is established according to the 
combined power consumption probability distributions of the 
status combinations. After detecting a current measurement 
of the power consumption factor of the loop, the current 
measurement is compared with the reference values to deter 
mine the status combination corresponding to the electric 
appliances. 

According to an embodiment of the present invention, the 
step of obtaining the variation of the power consumption 
factor on each of the electric appliances in each of the statuses 
to establish the status power consumption probability distri 
bution of the electric appliance in the status includes selecting 
one of the electric appliances as a sampling electric appliance, 
collecting a plurality of variation values of the power con 
Sumption factor within a sampling time with the sampling 
electric appliance in each of the statuses, and calculating a 
probability of each of the variation values within the sampling 
time, so as to establish the status power consumption prob 
ability distribution in each of the statuses, and the electric 
appliance status recognition method also includes selecting 
another one of the electric appliances as the sampling electric 
appliance and repeating aforementioned steps until all the 
electric appliances are processed. 

According to an embodiment of the present invention, the 
step of establishing the combined power consumption prob 
ability distribution of each of the status combinations 
includes calculating the probabilities of a plurality of sums of 
variation values of the electric appliances in each of the status 
combinations according to the status power consumption 
probability distributions of the electric appliances in the sta 
tuses defined by the status combination, so as to establish the 
combined power consumption probability distribution. 

According to an embodiment of the present invention, the 
step of establishing the mapping relationship between the 
status combinations and the reference values of the power 
consumption factor according to the combined power con 
sumption probability distributions of the status combinations 
includes serving the Sums of variation values in the combined 
power consumption probability distributions of the status 
combinations as the reference values, setting a mapping rela 
tionship between the reference values corresponding to the 
Sums of variation values and a single status combination 
among the status combinations when the Sums of variation 
values only appear in the combined power consumption prob 
ability distribution of the single status combination, and set 
ting a mapping relationship between the reference values 
corresponding to the Sums of variation values and multiple 
status combinations among the status combinations and 
recomposing the probabilities of the Sums of variation values 
in the combined power consumption probability distributions 
of the multiple status combinations to generate a plurality of 
recomposed probabilities corresponding to the multiple sta 
tus combinations when the Sums of variation values appearin 
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the combined power consumption probability distributions of 
the multiple status combinations. 

According to an embodiment of the present invention, the 
step of comparing the current measurement with the refer 
ence values to determine the status combination correspond 
ing to the electric appliances further includes determining 
whether a variation between the current measurement and a 
previous measurement of the power consumption factor of 
the loop is greater than a predetermined value and comparing 
the current measurement with the reference values to deter 
mine the status combination corresponding to the electric 
appliances if the variation between the current measurement 
and the previous measurement is greater than the predeter 
mined value. 

According to an embodiment of the present invention, the 
step of comparing the current measurement with the refer 
ence values to determine the status combination correspond 
ing to the electric appliances further includes locating a target 
reference value tallying with the current measurement among 
the reference values and determining that the electric appli 
ances are in the statuses defined by a single status combina 
tion if the target reference value is corresponding to the single 
status combination. 

According to an embodiment of the present invention, the 
step of comparing the current measurement with the refer 
ence values to determine the status combination correspond 
ing to the electric appliances further includes locating a target 
reference value tallying with the current measurement among 
the reference values, respectively obtaining a recomposed 
probability of each of multiple status combinations if the 
target reference value is corresponding to the multiple status 
combinations, and determining that the electric appliances 
are in the statuses defined by one of the multiple status com 
bination having the higher recomposed probability. 

According to an embodiment of the present invention, the 
step of comparing the current measurement with the refer 
ence values to determine the status combination correspond 
ing to the electric appliances further includes locating a target 
reference value tallying with the current measurement among 
the reference values, obtaining a previous status combination 
corresponding to the electric appliances if the target reference 
value is corresponding to multiple status combinations, and 
comparing the previous status combination with the multiple 
status combinations to determine that the electric appliances 
are in the statuses defined by the status combination having a 
Smaller variation from the previous status combination. 

According to an embodiment of the present invention, the 
power consumption factor includes at least one of power, 
Volt-ampere, Volt, watt-hour, kilowatt-hour, reactive power, 
and current. 
The present invention also provides an electric appliance 

status recognition system including a power consumption 
factor sensor, a status factor establishing module, and an 
electric appliance status recognition module. The power con 
Sumption factor sensor detects a measurement of a power 
consumption factor of a loop, wherein the loop includes in 
electric appliances, the electric appliances respectively have a 
plurality of statuses, and n is a positive integer. The status 
factor establishing module obtains a variation of the power 
consumption factor on each of the electric appliances in each 
of the statuses to establish a status power consumption prob 
ability distribution of the electric appliance in the status. The 
status factor establishing module also permutes the statuses 
of the electric appliances to generate a plurality of status 
combinations of the electric appliances, establishes a com 
bined power consumption probability distribution of each of 
the status combinations by using the status power consump 
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4 
tion probability distribution of each of the electric appliances 
in the status within the status combination, and establishes a 
mapping relationship between the status combinations and a 
plurality of reference values of the power consumption factor 
according to the combined power consumption probability 
distributions of the status combinations. The electric appli 
ance status recognition module is coupled to the power con 
Sumption factor sensor and the status factor establishing mod 
ule. After obtaining a current measurement of the power 
consumption factor of the loop from the power consumption 
factor sensor, the electric appliance status recognition module 
compares the current measurement with the reference values 
to determine the status combination corresponding to the 
electric appliances. 

According to an embodiment of the present invention, the 
status factor establishing module selects one of the electric 
appliances as a sampling electric appliance, collects a plural 
ity of variation values of the power consumption factor within 
a sampling time with the sampling electric appliance in each 
of the statuses, and calculates a probability of each of the 
variation values within the sampling time. So as to establish 
the status power consumption probability distribution in each 
of the statuses, and then the status factor establishing module 
selects another one of the electric appliances as the sampling 
electric appliance and repeats aforementioned operations 
until all the electric appliances are processed. 

According to an embodiment of the present invention, the 
status factor establishing module calculates the probabilities 
of a plurality of sums of variation values of the electric appli 
ances in each of the status combinations according to the 
status power consumption probability distributions of the 
electric appliances in the statuses defined by the status com 
bination, so as to establish the combined power consumption 
probability distribution. 

According to an embodiment of the present invention, the 
status factor establishing module serves the Sums of variation 
values in the combined power consumption probability dis 
tributions of the status combinations as the reference values. 
When the sums of variation values only appear in the com 
bined power consumption probability distribution of a single 
status combination, the status factor establishing module sets 
a mapping relationship between the reference values corre 
sponding to the Sums of variation values and the single status 
combination. When the sums of variation values appear in the 
combined power consumption probability distributions of 
multiple status combinations, the status factor establishing 
module sets a mapping relationship between the reference 
values corresponding to the Sums of variation values and the 
multiple status combinations and recomposes the probabili 
ties of the sums of variation values in the combined power 
consumption probability distributions of the multiple status 
combinations to generate a plurality of recomposed prob 
abilities corresponding to the multiple status combinations. 

According to an embodiment of the present invention, the 
electric appliance status recognition module determines 
whether a variation between the current measurement and a 
previous measurement of the power consumption factor of 
the loop is greater than a predetermined value. If the variation 
between the current measurement and the previous measure 
ment is greater than the predetermined value, the electric 
appliance status recognition module compares the current 
measurement with the reference values to determine the sta 
tus combination corresponding to the electric appliances. 

According to an embodiment of the present invention, the 
electric appliance status recognition module locates a target 
reference value tallying with the current measurement among 
the reference values. If the target reference value is corre 
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sponding to a single status combination, the electric appliance 
status recognition module determines that the electric appli 
ances are in the statuses defined by the single status combi 
nation. 

According to an embodiment of the present invention, the 
electric appliance status recognition module locates a target 
reference value tallying with the current measurement among 
the reference values. If the target reference value is corre 
sponding to multiple status combinations, the electric appli 
ance status recognition module respectively obtains a recom 
posed probability of each of the multiple status combinations 
and determines that the electric appliances are in the statuses 
defined by the status combination having the higher recom 
posed probability. 

According to an embodiment of the present invention, the 
electric appliance status recognition module locates a target 
reference value tallying with the current measurement among 
the reference values. If the target reference value is corre 
sponding to multiple status combinations, the electric appli 
ance status recognition module obtains a previous status com 
bination corresponding to the electric appliances and 
compares the previous status combination with the multiple 
status combinations to determine that the electric appliances 
are in the statuses defined by the status combination having a 
Smaller variation from the previous status combination. 

According to an embodiment of the present invention, the 
electric appliance status recognition system further includes a 
result output device coupled to the electric appliance status 
recognition module, wherein the result output device displays 
the current statuses of the electric appliances. 

According to an embodiment of the present invention, the 
power consumption factor includes one of power, Volt-am 
pere, volt, watt-hour, kilowatt-hour, reactive power, and cur 
rent, and the power consumption factor sensor includes one of 
an ammeter, an electricity meter, a watt-hour meter, and a 
power meter. 
As described above, in the present invention, a loop is taken 

as a unit for recognition, and the current status of each electric 
appliance in a loop is determined according to a single power 
consumption factor through probability distribution compari 
son. Thereby, it is not needed to dispose an additional mea 
Suring device on each of the electric appliances, and accord 
ingly the cost for recognizing the statuses of the electric 
appliances is significantly reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate embodiments of the invention and, together with the 
description, serve to explain the principles of the invention. 

FIG. 1 is a block diagram of an electric appliance status 
recognition system according to an embodiment of the 
present invention. 

FIG. 2 is a flowchart of an electric appliance status recog 
nition method according to an embodiment of the present 
invention. 

FIG. 3 is a flowchart illustrating how to establish a status 
power consumption probability distribution according to an 
embodiment of the present invention. 

FIG. 4A is a diagram illustrating the variation of a power 
consumption factor within a sampling time according to an 
embodiment of the present invention. 

FIG. 4B is a diagram illustrating a status power consump 
tion probability distribution according to an embodiment of 
the present invention. 
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6 
FIG. 5 is a flowchart illustrating how to establish a com 

bined power consumption probability distribution according 
to an embodiment of the present invention. 

FIG. 6A and FIG. 6B are diagrams respectively illustrating 
a status power consumption probability distribution accord 
ing to an embodiment of the present invention. 

FIG. 6C is a diagram illustrating a combined power con 
Sumption probability distribution according to an embodi 
ment of the present invention. 

FIG. 7 is a diagram illustrating two overlapping combined 
power consumption probability distributions according to an 
embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

Reference will now be made in detail to the present pre 
ferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. Wherever pos 
sible, the same reference numbers are used in the drawings 
and the description to refer to the same or like parts. 

FIG. 1 is a block diagram of an electric appliance status 
recognition system according to an embodiment of the 
present invention. Referring to FIG. 1, the electric appliance 
status recognition system 100 includes a power consumption 
factor sensor 110, a status factor establishing module 120, an 
electric appliance status recognition module 130, and a result 
output device 140. 
The power consumption factor sensor 110 may be an 

ammeter, a power meter, an electricity meter, a watt-hour 
meter, or a power meter for detecting the measurement of a 
power consumption factor of a loop. The power consumption 
factor sensor 110 is capable of detecting a single power con 
Sumption factor, wherein the power consumption factor may 
be power, Volt-ampere, Volt, watt-hour, kilowatt-hour, reac 
tive power, or current. In the present embodiment, there are n 
electric appliances in the loop (n is a positive integer), and 
each of the electric appliances has a plurality of statuses. For 
example, the power consumption factor sensor 110 is placed 
on a panel meter of a residential environment if the statuses of 
electric appliances in the residential environment are to be 
detected. 
The status factor establishing module 120 obtains a varia 

tion of the power consumption factor on each of the electric 
appliances to establish a status power consumption probabil 
ity distribution of each electric appliance in the loop in each of 
the statuses thereof. Then, the status factor establishing mod 
ule 120 permutes the statuses of each electric appliance in the 
loop to generate a plurality of status combinations of the 
electric appliance, and meanwhile, establishes a combined 
power consumption probability distribution corresponding to 
each of the status combinations. The status factorestablishing 
module 120 establishes a mapping relationship between the 
status combinations and a plurality of reference values of the 
power consumption factor according to the combined power 
consumption probability distributions of all the status com 
binations. 
The electric appliance status recognition module 130 is 

coupled to both the power consumption factor sensor 110 and 
the status factor establishing module 120. After obtaining a 
current measurement of the power consumption factor of the 
loop through the power consumption factor sensor 110, the 
electric appliance status recognition module 130 determines 
the current status of each electric appliance in the loop 
according to the mapping relationship established by the sta 
tus factor establishing module 120. 
The result output device 140 is coupled to the electric 

appliance status recognition module 130 for displaying cur 
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rent statuses of the electric appliances in the loop. For 
example, the result output device 140 may be a computer 
system, a server, or an information presentation panel, etc. 
However, the scope of the result output device 140 is not 
limited thereto. The result output device 140 may be coupled 
to the electric appliance status recognition module 130 
through a network or a physical line to obtain the recognition 
result of the electric appliance status recognition module 130 
and display the statuses of the electric appliances to be 
inspected by a user. 

In the present embodiment, the electric appliance status 
recognition system 100 takes a loop as a recognition unit and 
recognizes the current status of each electric appliance in the 
loop through the power consumption probability distribution 
of the electric appliance in each status. In the electric appli 
ance status recognition system 100, it is not needed to dispose 
any additional measuring device or communication device on 
each electric appliance. Thereby, the cost of detecting the 
statuses of the electric appliances is reduced. 
The detail operation flow of the electric appliance status 

recognition system 100 will be further described with refer 
ence to another embodiment of the present invention. FIG. 2 
is a flowchart of an electric appliance status recognition 
method according to an embodiment of the present invention. 

Referring to both FIG. 1 and FIG. 2, first, in step 210, the 
status factor establishing module 120 obtains a variation of 
the power consumption factor on each electric appliance in a 
loop in each status and establishes a status power consump 
tion probability distribution of each electric appliance in each 
status. The detailed steps of establishing the status power 
consumption probability distribution will be described herein 
with reference to FIG. 3. Referring to FIG.3, in step 310, the 
status factor establishing module 120 first selects one of the 
electric appliances in the loop as a sampling electric appli 
aCC. 

Then, in step 320, the sampling electric appliance is con 
trolled to be in one of its statuses. In step 330, the status factor 
establishing module 120 collects a plurality of variation val 
ues of the power consumption factor within a sampling time 
and calculates a probability of each of the variation values 
within the sampling time, so as to establish a status power 
consumption probability distribution of the sampling electric 
appliance in the current status. Herein the sampling time may 
be provided by a user. To be specific, the user sets the sam 
pling time of the electric appliances according to operation 
factors of the electric appliances. The probability of each 
variation value within the sampling time is calculated accord 
ing to the occurrence time of the variation value and the 
sampling time. 

Next, in step 340, whether there are other unprocessed 
statuses of the sampling electric appliance is determined. If 
so, foregoing steps 320-340 are repeated to establish the 
status power consumption probability distributions of the 
sampling electric appliance in other statuses through the 
method described above. After all the statuses of the sampling 
electric appliance have been processed (i.e., the status power 
consumption probability distributions of all the statuses have 
been generated), in step 350, whether there are other unproc 
essed electric appliances in the loop is determined. If so, the 
procedure returns to step 310, wherein the status factor estab 
lishing module 120 selects another electric appliance as the 
sampling electric appliance and repeats foregoing steps to 
establish the status power consumption probability distribu 
tion corresponding to each status of the new sampling electric 
appliance. 

Through the steps illustrated in FIG. 3, the status factor 
establishing module 120 respectively establishes the status 
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8 
power consumption probability distribution corresponding to 
each status of each electric appliance in the loop. In following 
embodiments, the power consumption factor is assumed to be 
power, and the sampling time of an electric appliance A in the 
loop is assumed to be 42 seconds. FIG. 4A illustrates the 
variation of power within 42 seconds when the electric appli 
ance A is turned on. The status factor establishing module 120 
obtains that the power of 120 watts occurs for 25 seconds, the 
power of 121 watts occurs for 12 seconds, the power of 122 
watts occurs for 3 seconds, the power of 123 watts, 124 watts, 
and 125 watts occurs for 0 second, and the power of 126 watts 
occurs for 2 seconds within the 42 seconds according to the 
information illustrated in FIG. 4A. Based on this statistical 
data, the status power consumption probability distributions 
established by the status factor establishing module 120 when 
the electric appliance A is turned on are as illustrated in FIG. 
4B, wherein the probability of the power of 120 watts during 
the sampling time (42 seconds) is 59.5%, the probability of 
the power of 121 watts during the sampling time is 28.6%, the 
probability of the power of 122 watts during the sampling 
time is 7.1%, and the probability of the power of 126 watts 
during the sampling time is 4.8%. It should be mentioned that 
in the present embodiment, even though the status power 
consumption probability distributions of an electric appliance 
in different statuses are presented in the bar chart in FIG. 4B, 
in other embodiments, the status factor establishing module 
120 may also record or display the status power consumption 
probability distributions in other types of charts or tables. In 
other words, the method of recording or displaying the status 
power consumption probability distributions is not limited in 
the present invention. 

After establishing the status power consumption probabil 
ity distribution of each electric appliance in the loop in each 
status, in step 220 of FIG. 2, the status factor establishing 
module 120 permutes the statuses of the electric appliances to 
generate a plurality of status combinations of the electric 
appliances. To be specific, each status combination includes in 
statuses, and the n statuses are respectively corresponding to 
then electric appliances in the loop, and each of then statuses 
is one of the statuses of the corresponding electric appliance. 
For example, assuming that there are 4 electric appliances in 
the loop and each electric appliance has 2 statuses, the status 
factor establishing module 120 then generates 16 (i.e., 2) 
status combinations. Assuming that there are 4 electric appli 
ances in the loop, one of the electric appliances has 4 statuses, 
and the other three electric appliances respectively have 2 
statuses, the status factor establishing module 120 then gen 
erates 32 (i.e., 4x2) status combinations. 

Thereafter, in step 230, the status factor establishing mod 
ule 120 establishes a combined power consumption probabil 
ity distribution with respect to each of the status combinations 
by using the status power consumption probability distribu 
tions corresponding to the statuses of the electric appliances 
in the status combination. Below, the detailed steps of estab 
lishing the combined power consumption probability distri 
bution will be described with reference to FIG.5. First, in step 
510, the status factor establishing module 120 selects one of 
the status combinations as a processed combination. 

Then, in step 520, the status factor establishing module 120 
obtains a plurality of sums of variation values according to the 
status power consumption probability distributions of the 
electric appliances in the statuses defined by the processed 
combination. To be specific, here it is assumed that the power 
consumption factor is power, there are two electric appliances 
A and B in the loop, and each of the two electric appliances 
has two statuses “on” and "off. If the status power consump 
tion probability distribution corresponding to the “on” status 
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of the electric appliance A contains 4 variation values (respec 
tively 120 watts, 121 watts, 122 watts, and 126 watts, as 
shown in FIG. 6A), and the status power consumption prob 
ability distribution corresponding to the “on” status of the 
electric appliance B contains 3 variation values (respectively 
28 watts, 29 watts, and 30 watts, as shown in FIG. 6B). One 
variation value is respectively obtained from each of forego 
ing two status power consumption probability distributions, 
and the two variation values are combined together. After 
removing repeated combinations, 8 Sums of variation values 
(respectively 148 watts, 149 watts, 150 watts, 151 watts, 152 
watts, 154 watts, 155 watts, and 156 watts) are generated. 

After that, in step 530, the status factorestablishing module 
120 calculates the probabilities of the sums of variation val 
ues of the electric appliances in the processed combination 
according to the status power consumption probability distri 
butions of the electric appliances in the statuses defined by the 
status combination, so as to establish a combined power con 
sumption probability distribution of the processed combina 
tion. 

Below, the probability ofx watts will be denoted as P(x). As 
shown in FIG. 6A and FIG. 6B, when the electric appliance A 
and the electric appliance B are both in the “on” status, the 
probability P(148) of 148 watts (one of the sums of variation 
values) is the product of the probability P(120) of the varia 
tion value of 120 watts when the electric appliance A is in the 
“on” status and the probability P(28) of the variation value of 
28 watts when the electric appliance B is in the “on” status 
(i.e., P(148)=P(120)xP(28)). However, when the electric 
appliance A and the electric appliance B are both in the “on” 
status, if the power consumption is 149 watts, it may be that 
the electric appliance A consumes 120 watts and the electric 
appliance B consumes 29 watts or the electric appliance A 
consumes 121 watts and the electric appliance B consumes 28 
watts. Thus, the probability P(149) of the sum of variation 
values being 149 watts is a sum of all probabilities of different 
variations that can add up to 149 watts (i.e., P(149)=P(120)x 
P(29)+P(121)xP(28)). If three different sets of variation val 
ues produce the same Sum, the probability of the said Sum is 
obtained by multiplying the probabilities of the variation 
values in each set to obtain three products and then adding up 
the three products. As described in foregoing embodiment, 
the combined power consumption probability distribution 
corresponding to the processed combination having the elec 
tric appliance A and the electric appliance B both in the “on” 
status is as shown in FIG. 6C. 

In step 540 of FIG. 5, the status factor establishing module 
120 determines whether there still are other unprocessed sta 
tus combinations. If so, the procedure returns to step 510, 
wherein the status factor establishing module 120 selects 
another status combination as the processed combination and 
repeats the steps illustrated in FIG. 5 until all the status 
combinations are processed. Namely, through the steps illus 
trated in FIG. 5, the status factor establishing module 120 
establishes a combined power consumption probability dis 
tribution corresponding to each status combination. Simi 
larly, even though the combined power consumption prob 
ability distributions are illustrated in a bar chart in the present 
embodiment, the method of recording and displaying the 
combined power consumption probability distributions is not 
limited in the present invention. 

Thereafter, in step 240 of FIG. 2, the status factor estab 
lishing module 120 establishes a mapping relationship 
between the status combinations and a plurality of reference 
values of the power consumption factor according to the 
combined power consumption probability distributions of the 
status combinations. To be specific, the status factor estab 
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10 
lishing module 120 first serves the sums of variation values in 
the combined power consumption probability distributions of 
the status combinations as the reference values. If the sums of 
variation values appear only in the combined power con 
Sumption probability distribution of a single status combina 
tion, the status factor establishing module 120 directly sets 
the mapping relationship between the reference values corre 
sponding to the Sums of variation values and the single status 
combination. If the Sums of variation values appear in the 
combined power consumption probability distributions of 
multiple status combinations, the status factor establishing 
module 120 first sets the mapping relationship between the 
reference values corresponding to the Sums of variation val 
ues and the multiple status combinations and then recom 
poses the probabilities of the sums of variation values in the 
combined power consumption probability distributions of the 
multiple status combinations, so as to generate a plurality of 
recomposed probabilities corresponding to the multiple sta 
tus combinations. 
Assuming that there are 4 electric appliances in the loop 

and each of the electric appliances has 2 statuses, the status 
factor establishing module 120 then establishes 16 combined 
power consumption probability distributions corresponding 
to 16 status combinations. Assuming that each combined 
power consumption probability distribution is expressed in a 
bar chart, if the 16 combined power consumption probability 
distributions do not overlap each other after the 16 combined 
power consumption probability distributions are arranged 
according to the Sums of variation values, it is determined that 
the sums of variation values respectively in the 16 combined 
power consumption probability distributions appear in the 
combined power consumption probability distribution of a 
single status combination. Thus, the status factor establishing 
module 120 directly sets the mapping relationship between 
the reference values corresponding to the Sums of variation 
values and the single status combination. 

In another embodiment, it is assumed that the combined 
power consumption probability distribution of a first status 
combination contains 11 Sums of variation values (161 watts 
to 171 watts), and the combined power consumption prob 
ability distribution of a second status combination contains 4 
sums of variation values (170 watts to 172 watts, and 174 
watts), the status factor establishing module 120 serves these 
Sums of variation values as the reference values. As shown in 
FIG. 7, the combined power consumption probability distri 
bution of the first status combination and the combined power 
consumption probability distribution of the second status 
combination overlap each other when the sum of variation 
values is 170 watts and 171 watts. Thus, the status factor 
establishing module 120 sets the mapping relationship 
between the sum of variation values of 170 watts (also 
referred to as a reference value) and the first and the second 
status combination and the mapping relationship between the 
sum of variation values of 171 watts (also referred to as a 
reference value) and the first and the second status combina 
tion. In addition, regarding the two sums of variation values of 
170 watts and 171 watts, the status factor establishing module 
120 respectively calculates a recomposed probability corre 
sponding to the first status combination and the second status 
combination through a probability recomposition method. 

Taking the sum of variation values of 171 watts as an 
example, the probability P(171) corresponding to 171 watts is 
5% in the combined power consumption probability distribu 
tion of the first status combination and 75% in the combined 
power consumption probability distribution of the second 
status combination. Thus, when the power of the loop is 171 
watts, the status factor establishing module 120 determines 
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that the possibility of the electric appliances in the loop 
belonging to the first status combination is 6.3% (5/(5+75)x 
100%) and the possibility of the electric appliances in the loop 
belonging to the second status combination is 93.7% (75/(5+ 
75)x100%), wherein 6.3% and 93.7% are the recomposed 
probabilities respectively corresponding to the first status 
combination and the second status combination with the Sum 
of variation values of 171 watts (also referred to as a reference 
values). 

In an embodiment, the status factor establishing module 
120 may record the mapping relationship between the status 
combinations and the reference values into a status factor 
table such that the status combination corresponding to a 
reference value can be obtained through table lookup. 

While the status of each electric appliance in the loop is to 
be actually recognized, in step 250 of FIG. 2, the electric 
appliance status recognition module 130 obtains a current 
measurement of the power consumption factor of the loop 
from the power consumption factor sensor 110. In the last step 
260, the electric appliance status recognition module 130 
compares the current measurement with the reference values 
to determine the status combination corresponding to the 
electric appliances. 

In an embodiment, the electric appliance status recognition 
module 130 has to determine whether a variation between the 
current measurement and a previous measurement of the 
power consumption factor of the loop is greater than a prede 
termined value, and the statuses of the electric appliances are 
recognized only when the variation between the current mea 
Surement and the previous measurement is greater than the 
predetermined value, wherein the predetermined value may 
be set by a user or a smallest measurement variation of the 
power consumption factor on each electric appliance in the 
loop. 

After comparing the current measurement with the refer 
ence values, the electric appliance status recognition module 
130 locates a target reference value tallying with the current 
measurement among all the reference values. If the target 
reference value is corresponding to a single status combina 
tion, the electric appliance status recognition module 130 
directly determines that the electric appliances belong to the 
single status combination. 

However, if the target reference value is corresponding to 
multiple status combinations, in an embodiment, the electric 
appliance status recognition module 130 respectively obtains 
the recomposed probability of each status combination and 
determines that the electric appliances belong to the status 
combination having a higher recomposed probability. In 
another embodiment, the electric appliance status recognition 
module 130 obtains a previous status combination corre 
sponding to the electric appliances, compares the previous 
status combination with each candidate status combinations, 
and determines that the electric appliances belong to the 
status combination having a smaller variation from the pre 
vious status combination. 

After the status of each electric appliance in the loop is 
recognized, the result output device 140 outputs the result to 
be inspected by the user. The status change of each electric 
appliance in the loop can be determined (and accordingly the 
usage time of the electric appliance can be further calculated) 
by simply recording each electric appliance status recogni 
tion result. After the usage time of each electric appliance is 
calculated, the power consumption situation and related 
expense of each electric appliance can be further calculated. 
In other words, in the electric appliance status recognition 
system 100, it is not needed to dispose any additional mea 
Suring device on each electric appliance. Instead, the current 
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status of each electric appliance in a loop can be determined 
by using a single power consumption factor sensor 110 to 
detect the current measurement of a power consumption fac 
tor of the entire loop, wherein the power consumption factor 
sensor 110 is capable of detecting a single power consump 
tion factor. 
As described, the present invention provides a method and 

a system for recognizing the statuses of electric appliances, 
wherein the status of each electric appliance in a loop is 
determined according to the probability distribution of a 
single power consumption factor on each electric appliance 
by comparing a current measurement of the power consump 
tion factor of the loop with reference values of the power 
consumption factor. Thus, it is not needed to dispose any 
additional measuring device on each electric appliance, so 
that the cost of status recognition is reduced. In addition, the 
statuses of the electric appliances can be recognized by using 
a single power consumption factor, so that the calculation 
process is simplified, and accordingly the recognition effi 
ciency is greatly increased. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of 
the present invention without departing from the scope or 
spirit of the invention. In view of the foregoing, it is intended 
that the present invention cover modifications and variations 
of this invention provided they fall within the scope of the 
following claims and their equivalents. 
What is claimed is: 
1. An electric appliance status recognition method, Suitable 

for detecting n electric appliances in a loop according to a 
single power consumption factor, wherein the electric appli 
ances respectively have a plurality of statuses, and n is a 
positive integer, the electric appliance status recognition 
method comprising: 

obtaining a variation of the power consumption factor on 
each of the electric appliances in each of the statuses to 
establish a status power consumption probability distri 
bution of the electric appliance in the status; 

permuting the statuses of the electric appliances to gener 
ate a plurality of status combinations of the electric 
appliances; 

establishing a combined power consumption probability 
distribution of each of the status combinations by using 
the status power consumption probability distribution of 
each of the electric appliances in one of the statuses 
within the status combination; 

establishing a mapping relationship between the status 
combinations and a plurality of reference values of the 
power consumption factor according to the combined 
power consumption probability distributions of the sta 
tus combinations; 

detecting a current measurement of the power consump 
tion factor of the loop; and 

comparing the current measurement with the reference 
values to determine the status combination correspond 
ing to the electric appliances. 

2. The electric appliance status recognition method accord 
ing to claim 1, wherein the step of obtaining the variation of 
the power consumption factor on each of the electric appli 
ances in each of the statuses to establish the status power 
consumption probability distribution of the electric appliance 
in the status comprises: 

selecting one of the electric appliances as a sampling elec 
tric appliance; 

collecting a plurality of variation values of the power con 
Sumption factor within a sampling time with the sam 
pling electric appliance in each of the statuses, and cal 
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culating a probability of each of the variation values 
within the sampling time, so as to establish the status 
power consumption probability distribution of each of 
the statuses; and 

obtaining another one of the electric appliances as the 
sampling electric appliance, and repeating aforemen 
tioned steps until all the electric appliances are pro 
cessed. 

3. The electric appliance status recognition method accord 
ing to claim 1, wherein the step of establishing the combined 
power consumption probability distribution of each of the 
status combinations by using the status power consumption 
probability distribution of each of the electric appliances in 
one of the statuses within the status combination comprises: 

calculating probabilities of a plurality of sums of variation 
values of the electric appliances in each of the status 
combinations according to the status power consump 
tion probability distributions of the electric appliances in 
the statuses defined by the status combination, so as to 
establish the combined power consumption probability 
distribution. 

4. The electric appliance status recognition method accord 
ing to claim 3, wherein the step of establishing the mapping 
relationship between the status combinations and the refer 
ence values of the power consumption factor according to the 
combined power consumption probability distributions of the 
status combinations comprises: 

serving the Sums of variation values in the combined power 
consumption probability distributions of the status com 
binations as the reference values; 

when the sums of variation values only appear in the com 
bined power consumption probability distribution of a 
single status combination among the status combina 
tions, setting a mapping relationship between the refer 
ence values corresponding to the sums of variation val 
ues and the single status combination; and 

when the sums of variation values appear in the combined 
power consumption probability distributions of multiple 
status combinations among the status combinations, set 
ting a mapping relationship between the reference val 
ues corresponding to the Sums of variation values and 
the multiple status combinations, and recomposing the 
probabilities of the sums of variation values in the com 
bined power consumption probability distributions of 
the multiple status combinations to generate a plurality 
of recomposed probabilities corresponding to the mul 
tiple status combinations. 

5. The electric appliance status recognition method accord 
ing to claim 1, wherein the step of comparing the current 
measurement with the reference values to determine the sta 
tus combination corresponding to the electric appliances fur 
ther comprises: 

determining whether a variation between the current mea 
Surement and a previous measurement of the power con 
Sumption factor of the loop is greater than a predeter 
mined value; and 

if the variation between the current measurement and the 
previous measurement is greater than the predetermined 
value, comparing the current measurement with the ref 
erence values to determine the status combination cor 
responding to the electric appliances. 

6. The electric appliance status recognition method accord 
ing to claim 1, wherein the step of comparing the current 
measurement with the reference values to determine the sta 
tus combination corresponding to the electric appliances fur 
ther comprises: 
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14 
locating a target reference value tallying with the current 

measurement among the reference values; and 
if the target reference value is corresponding to a single 

status combination among the status combinations, 
determining that the electric appliances are in the sta 
tuses defined by the single status combination. 

7. The electric appliance status recognition method accord 
ing to claim 1, wherein the step of comparing the current 
measurement with the reference values to determine the sta 
tus combination corresponding to the electric appliances fur 
ther comprises: 

locating a target reference value tallying with the current 
measurement among the reference values; 

if the target reference value is corresponding to multiple 
status combinations among the status combinations, 
respectively obtaining a recomposed probability of each 
of the multiple status combinations; and 

determining that the electric appliances are in the statuses 
defined by one of the multiple status combinations hav 
ing the higher recomposed probability. 

8. The electric appliance status recognition method accord 
ing to claim 1, wherein the step of comparing the current 
measurement with the reference values to determine the sta 
tus combination corresponding to the electric appliances fur 
ther comprises: 

locating a target reference value tallying with the current 
measurement among the reference values; 

if the target reference value is corresponding to multiple 
status combinations among the status combinations, 
obtaining a previous status combination corresponding 
to the electric appliances; and 

comparing the previous status combination with the mul 
tiple status combinations to determine that the electric 
appliances are in the statuses defined by one of the 
multiple status combinations having a smaller variation 
from the previous status combination. 

9. The electric appliance status recognition method accord 
ing to claim 1, wherein the power consumption factor com 
prises one of power, Volt-ampere, Volt, watt-hour, kilowatt 
hour, reactive power, and current. 

10. An electric appliance status recognition system, com 
prising: 

a power consumption factor sensor, for detecting a mea 
Surement of a power consumption factor of a loop, 
wherein the loop comprises n electric appliances, the 
electric appliances respectively have a plurality of sta 
tuses, and n is a positive integer, 

a status factor establishing module, for obtaining a varia 
tion of the power consumption factor on each of the 
electric appliances in each of the statuses to establish a 
status power consumption probability distribution of the 
electric appliance in the status, permuting the statuses of 
the electric appliances to generate a plurality of status 
combinations of the electric appliances, establishing a 
combined power consumption probability distribution 
of each of the status combinations by using the status 
power consumption probability distribution of each of 
the electric appliances in one of the statuses within the 
status combination, and establishing a mapping relation 
ship between the status combinations and a plurality of 
reference values of the power consumption factor 
according to the combined power consumption prob 
ability distributions of the status combinations; and 

an electric appliance status recognition module, coupled to 
the power consumption factor sensor and the status fac 
tor establishing module, for obtaining a current mea 
Surement of the power consumption factor of the loop 
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from the power consumption factor sensor and compar 
ing the current measurement with the reference values to 
determine the status combination corresponding to the 
electric appliances. 

11. The electric appliance status recognition system 
according to claim 10, wherein the status factor establishing 
module selects one of the electric appliances as a sampling 
electric appliance, collects a plurality of variation values of 
the power consumption factor within a samplingtime with the 
sampling electric appliance in each of the statuses, and cal 
culates a probability of each of the variation values within the 
sampling time, so as to establish the status power consump 
tion probability distribution of each of the statuses, and the 
status factor establishing module selects another one of the 
electric appliances as the sampling electric appliance and 
repeats aforementioned operations until all the electric appli 
ances are processed. 

12. The electric appliance status recognition system 
according to claim 10, wherein the status factor establishing 
module calculates probabilities of a plurality of sums of varia 
tion values of the electric appliances in each of the status 
combinations according to the status power consumption 
probability distributions of the electric appliances in the sta 
tuses defined by the status combination, so as to establish the 
combined power consumption probability distribution. 

13. The electric appliance status recognition system 
according to claim 12, wherein the status factor establishing 
module serves the sums of variation values in the combined 
power consumption probability distributions of the status 
combinations as the reference values, when the Sums of varia 
tion values only appear in the combined power consumption 
probability distribution of a single status combination among 
the status combinations, the status factor establishing module 
sets a mapping relationship between the reference values 
corresponding to the Sums of variation values and the single 
status combination, when the Sums of variation values appear 
in the combined power consumption probability distributions 
of multiple status combinations among the status combina 
tions, the status factor establishing module sets a mapping 
relationship between the reference values corresponding to 
the sums of variation values and the multiple status combi 
nations, and recomposes the probabilities of the Sums of 
variation values in the combined power consumption prob 
ability distributions of the multiple status combinations to 
generate a plurality of recomposed probabilities correspond 
ing to the multiple status combinations. 

14. The electric appliance status recognition system 
according to claim 10, wherein the electric appliance status 
recognition module determines whether a variation between 
the current measurement and a previous measurement of the 
power consumption factor of the loop is greater than a prede 
termined value, and if the variation between the current mea 
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Surement and the previous measurement is greater than the 
predetermined value, the electric appliance status recognition 
module compares the current measurement with the reference 
values to determine the status combination corresponding to 
the electric appliances. 

15. The electric appliance status recognition system 
according to claim 10, wherein the electric appliance status 
recognition module locates a target reference value tallying 
with the current measurement among the reference values, 
and if the target reference value is corresponding to a single 
status combination among the status combinations, the elec 
tric appliance status recognition module determines that the 
electric appliances are in the statuses defined by the single 
status combination. 

16. The electric appliance status recognition system 
according to claim 10, wherein the electric appliance status 
recognition module locates a target reference value tallying 
with the current measurement among the reference values, 
and if the target reference value is corresponding to multiple 
status combinations among the status combinations, the elec 
tric appliance status recognition module respectively obtains 
a recomposed probability of each of the multiple status com 
binations and determines that the electric appliances are in the 
statuses defined by one of the multiple status combinations 
having the higher recomposed probability. 

17. The electric appliance status recognition system 
according to claim 10, wherein the electric appliance status 
recognition module locates a target reference value tallying 
with the current measurement among the reference values, 
and if the target reference value is corresponding to multiple 
status combinations among the status combinations, the elec 
tric appliance status recognition module obtains a previous 
status combination corresponding to the electric appliances 
and compares the previous status combination with the mul 
tiple status combinations to determine that the electric appli 
ances are in the statuses defined by one of the multiple status 
combinations having a smaller variation from the previous 
status combination. 

18. The electric appliance status recognition system 
according to claim 10 further comprising: 

a result output device, coupled to the electric appliance 
status recognition module, for displaying the current 
statuses of the electric appliances. 

19. The electric appliance status recognition system 
according to claim 10, wherein the power consumption factor 
comprises one of power, Volt-ampere, Volt, watt-hour, kilo 
watt-hour, reactive power, and current. 

20. The electric appliance status recognition system 
according to claim 10, wherein the power consumption factor 
sensor comprises one of an ammeter, an electricity meter, a 
watt-hour meter, and a power meter. 
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